In the present study, the synthesis of template free zeolite P under hydrothermal condition was investigated. The effects of parameters such as Si/Al ratios (3-45), crystallization temperatures (80-160 ∘ C), and cry (40-60 h) on the synthesis of zeolite P were studied. The phase transformation of zeolite P to two types of high crystallinity Y and analcime zeolites due to change of temperature was observed. The effect of temperature on the achievement of two different zeolite types (Y and analcime) with a constant initial synthetic composition under organic free synthesis of zeolite P was studied. The zeolitic products were characterized by X-ray diffraction, scanning electron microscopy, and IR spectroscopy techniques.
Introduction
Zeolitic materials are microporous high-internal-surface crystalline and hydrated aluminosilicates of alkali and alkaline earth cations with an infinite open and rigid threedimensional structure [1] . Breck et al. in 1956 reported the synthesis of "species very similar to gismodine" [2] . Later these types of zeolites were thought to belong to the harmotome-phillipsite group, which is called P zeolites [3, 4] . Zeolite P is the synthetic analogue of the GIS-type (gobbinsite-NaP1) zeolites and has a two-dimensional pore system with two intersecting 8-ring channels [5] . Zeolite P with Si/Al ratio of 1 has been described as a commercially detergent builder [6, 7] . On the other hand, the analcime structure is made up of small pores that are arranged in four-, six-, and eightfold ring. The crystal structure of analcime for the first time was determined by Taylor [8] and refined by Calleri and Ferraris [9] . Analcime may be used in selective adsorption reactions and in heterogeneous catalysis. Zeolite Y is in the faujasite (FAU) family with a framework containing double 6 rings linked through sodalite cages that generate supercages with average pore diameter of 7.4Å. There are several applications of FAU zeolites such as fluid cracking catalysts and sorbents for volatile organic removal [10] .
Phase transformation processes include the transition from one structure or symmetry into another structure or symmetry, and the intermediate phases can be observed by analysis techniques. This means that from an initial gel with defined composition, one can obtain two or more pure types of zeolite depending on the conditions of crystallization such as alkalinity, crystallization temperature and time, and organic additives (template). However, such a possibility may represent a serious disadvantage in the attempt to achieve the desired group of zeolite in pure form without admixtures of alternative types of zeolite. Then it is possible to know the conditions under which a certain type of zeolite transform into other ones, in order to determine useful crystallization conditions for synthesis of zeolites in pure form. The role of organic template on phase transformation process of Y zeolite to zeolite P and analcime was reported in our previous work [11] . Recently, due to the poisonous effects and high expenses of organic templates for synthesis of zeolite, the template free synthesis of zeolites has been frequently investigated and whenever it comes to the commercial-scale production of zeolites; there is a high incentive for template free syntheses, both for ecological and economical reasons [12, 13] . In this study, the synthesis of template free zeolite P and its phase transformation to two types of high crystalline zeolites Y and analcime with changing crystallization temperature (80-160 ∘ C) and additionally the effect of different Si/Al ratios (3-45) and crystallization times (40-60 h) were investigated. To the best of our knowledge this is the first time that organic free synthesis of three pure phase zeolite types with the same sol-gel composition at certain crystallization times with only changing crystallization temperature was investigated. The aim of this work was to study the effect of temperature on the phase transformation as a key factor on the organic free synthesis of mentioned zeolites. The syntheses were carried out under hydrothermal conditions. The obtained samples were characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM), and FT-IR spectroscopy techniques.
Experiment

Synthesis.
The reagents silicic acid, sodium hydroxide, and aluminum powder (all purchased from Merck) were used in the synthesis. All aqueous solutions were prepared using deionized doubly distilled water. The zeolite was synthesized from gel with initial Si/Al molar ratio in composition of 14.5. The sol-gel mixture was prepared by mixing an aluminate and a silicate solution. Then the synthesis gel was introduced to Teflon-lined stainless steel autoclave and sealed autoclave was put into an air oven and heated for 60 hours at 100 ∘ C. The solid products were filtered and washed with deionized water, dried overnight at 100 ∘ C, and calcinated at 550 ∘ C for 5 h in an electric furnace. 
Characterization Techniques .
The X-ray powder diffraction (XRD) patterns were collected on a GBC MMA instrument. The patterns were run with Ni-filtered CuK radiation ( = 1.5418 Angstrom) at 35.4 kV and 28 mA with a scanning speed of 2 = 10 ∘ min −1 . FT-IR spectra were recorded at room temperature using FT-IR spectrometer (Vector 22-Bruker), over the range of 400-1500 cm −1 with a resolution of 2 cm
on KBr pellets. Scanning electron microscopy was performed on selected samples to determine the crystallite size and morphology using a JEOL JXA-840 SEM instrument.
Results and Discussion
The Effect of Crystallization
Temperature. The crystallization temperature was varied from 80 ∘ C to 160 ∘ C in order to find the appropriate temperature for the formation of each pure zeolitic phase. The results indicated that the pure zeolite P was obtained at 100 ∘ C whereas the pure phase zeolite Y was produced at 90 ∘ C and changing temperature to 95-97 ∘ C resulted in a mixture of zeolites Y and P. By increasing temperature from 100 ∘ C up to 110 ∘ C a mixture of zeolites P and analcime was produced. The pure phase analcime can be obtained at 130 ∘ C. All investigations about the effect of temperature were carried out with a same initial (a) P P P P P P P P P P P P P P P P P P gel composition without using any organic additive. The scanning electron micrographs and XRD patterns, which showed the effect of temperature on the synthesis of three types of mentioned zeolites, are illustrated in Figures 1 and  2 . One can obtain the pure phase of zeolites Y, P, and analcime at 90, 100, and 130 ∘ C with a parent composition in ratio of 30 SiO 2 : Al 2 O 3 : 24 Na 2 O : 1360 H 2 O by the conventional hydrothermal technique, respectively. The synthesis of analcime at 160 ∘ C using N,N -dibenzyl-N,N,N ,N -tetramethyl ethylene diamine (DBTMED) as organic template was reported in our previous work [14] and now we can introduce a new method to achieve pure phase analcime at lower temperature without using organic additive in initial synthetic sol-gel.
Crystallization of Zeolite P versus Time.
The crystallization of zeolite P from initial gel composition of 30 SiO 2 : Al 2 O 3 : 24 Na 2 O : 1360 H 2 O with different crystallization times at a temperature of 100 ∘ C was followed by X-ray powder diffraction (Figure 3) . The XRD patterns showed that, after 40 h, a product with poor crystalline system was formed, and the high crystalline zeolite P could be obtained after 60 h at 100 ∘ C. With an increase in the crystalization time at 100 ∘ C, zeolite P with high crystallinity was achieved whereas the mixture of zeolite P and analcime was obtained with the increase of crystallization time up to 60 h when D-Methionine was used as organic template in initial gel composition [11] .
The Effects of Si/Al Ratio on the Synthesis of Zeolite P.
In order to synthesize zeolite P the initial gel composition 30 SiO 2 : a Al 2 O 3 : 24 Na 2 O : 1360 H 2 O, in which coefficient a has been varied from 0.33 to 5, was investigated at 100 ∘ C for 60 h. The results indicated that the crystallinity of pure zeolite P was increased from Si/Al ratio of 3 followed by 5 and 15. For higher Si/Al ratio (Si/Al = 30) a mixed phase of P and Y zeolites was obtained. An increase in the Si/Al ratio to 45 maximizes the intensity of zeolite Y peaks and for Si/Al ratio >45 no solid product was obtained. One can see that the Si/Al ratio has a great influence in the phase transformation during template free synthesis of zeolite P (Figure 4 ). Figure 5 shows the SEM images of obtained zeolitic products with the Si/Al ratios of 15 and 30 in initial synthetic compositions. Figure 6 illustrates the FT-IR spectra of synthesized zeolitic samples of zeolites P, Y, and analcime with initial gel composition of 30 SiO 2 : Al 2 O 3 : 24 Na 2 O : 1360 H 2 O. The FT-IR spectrum of zeolite P is shown in Figure 6 (a). The obtained peaks are similar to those of zeolite P that were reported by Flanigen et al. [15] . The peaks at 453-571 cm −1 and 996 cm −1 were assigned to T-O (T = Si, Al) bending and Si-O, Al-O tetrahedral vibration, respectively. The band at 739 cm −1 is attributed to symmetrical stretching of Si-O (Al-O). Figure 6(b) shows the FT-IR spectrum of zeolite Y. The signal at 453 cm −1 is assigned to the structure insensitive internal TO 4 tetrahedral bending and the signal at 571 cm −1 is attributed to the double ring external linkage band assigned to zeolite Y. The signal at 691 cm −1 is assigned to external linkage symmetrical Journal of Spectroscopy 5 stretching. The peak at 1004 cm −1 is assigned to internal tetrahedral asymmetrical stretching. Figure 6(c) shows the FT-IR spectrum of analcime. The band at about 937 cm −1 is due to internal vibrations of the (Si, Al)O 4 tetrahedral of analcime, whereas the band at about 1100 cm −1 is due to vibrations related to external linkages between tetrahedral. The absorption bands at 445, 620, and 737 cm −1 are related to T-O-T symmetrical stretching mode.
FT-IR Spectra of Synthesized Zeolites.
Conclusion
In this study a new method for organic free synthesis of zeolite P under hydrothermal condition was investigated. The effect of temperature on the phase transformation of the structure of zeolite p to analcime and to zeolite Y was studied. By changing temperature, the Y and analcime zeolitic phases were observed. The organic free synthesis of analcime and zeolite Y through synthesis of zeolite P with changing temperature for the first time in this study was reported. The effect of heating time, Si/Al ratios in the initial gel, and heating temperature on the obtained zeolite were investigated. A mixture of P and Y zeolites was obtained in 95-97 ∘ C and this mixture was transferred to high crystalline zeolites P and analcime phases with the increase of temperature to 100 ∘ and 130 ∘ C, respectively.
